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TITLE OF THE INVENTION 
A LAMINATED OXYGEN SENSOR DEVICE COMPRISING A SOLID 
ELECTROLYTE MEMBER MADE OF PARTIALLY STABILIZED ZIRCONIA 

BACKGROUND OF THE TNVBNTTON 
Field of The Invention 
This invention relates to a oxygen sensor device having a laminar 
structure, which is particularly suitable for the control of an air-to-fuel ratio in 
automotive engines. 

Description of the Prior Art 
As is well known in the art, oxygen sensors have been employed for the 
control of an air-to-fuel ratio in the field of automotive engines. In view of the 
recent trend toward the miniaturization of these sensors and also of the 
diversity in location of the sensors, e.g. the attachment of the sensor in an 
exhaust pipe below the vehicle floor, it is required that the sensor be improved 
in strength as a whole and in elevated temperature performance. 

In order to meet the requirements, laminated or stacked oxygen sensors 
have been proposed wherein a sheet-shaped alumina substrate and a sheet- 
shaped solid electrolyte are built up one on another. More particularly, the 
solid electrolyte sheet and the alumina substrate are bonded together by 
laminating and sintering the green sheets of the electrolyte and the substrate. 

The solid electrolytes vised in the known sensors are usually constituted 
of zirconia materials. From the standpoint of the strength and ionic 
conductivity, partially stabilized zirconia is generally employed. 
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When, however, the laminated oxygen sensor of the type mentioned above 
is placed and employed as exposed to a heating or hot atmosphere, thermal 
stress is imposed at the boundary between the alumina substrate and the 
partially stabilized zirconia sheet owing to the difference in coefficient of 
5 thermal expansion therebetween. This may undesirably cause not only the 
partially stabilized zirconia solid electrolyte sheet to be cracked, but also the 
oxygen sensor to be broken. 

Additionally, the breakage may occur during the course of the fabrication 
of a sensor device at the time when the green sheets of partially stabilized 
10 zirconia and alumina which have been built up are sintered. 

Further, the use of the laminated oxygen sensor device made of the 
alumina substrate and the partially stabilized zirconia sheet, for example, as 
an element in an air-to-fuel ratio sensors for automobiles has the following 
problems. 

15 The environment where the air-to-fuel ratio sensor is actually used may be 

regarded as a kind of cooling and heating cycle where it is repeatedly exposed to 
different temperatures ranging from room temperature to a temperature as 
high as about 1000 °C. 

On the other hand, partially stabilized zirconia is constituted of a 

20 plurality of phases having different crystal structures including the M phase 
(monoclinic system), the C phase (cubic system), and a minor amount of the T 
phase (tetragonal system). The T phase is often transformed into the M phase 
through isothermic martensitic transformation. 

This transformation proceeds most rapidly in case where the partially 

25 stabilized zirconia is exposed to a temperature of approximately 200°C. 



% Moreover, it is known that the transformation is promoted in the presence of 
moisture such as water droplets, vapor or the like, and is accompanied by the 
volumetric variation occurring during the course of the T to M phase 
transformation. If this phase transformation takes place in the solid 
5 electrolyte, there is the great possibility that the solid electrolyte is cracked 
from the outer surfaces toward the inside thereof, thereby causing its 
mechanical strength to be degraded. Thus, the thermal stress between the 
partially stabilized zirconia and the alumina substrate caused by the 
temperature rise and drop during the cooling and heating cycles may cause the 

10 breakage of the sensor device. 

As a matter of course, a gas to be measured by the air-to-fuel ratio sensor 
is an exhaust gas, which often contains moisture therein. In this sense, the 
isothermic martensitic transformation is apt to occur under conditions where 
the air-to-fuel ratio sensor is employed. 

15 STTMMARY O F THE INVENTION 

It is accordingly an object of the invention to provide a laminated or 
stacked oxygen sensor device which can overcome the problems of the prior art 
counterparts, and which is substantially free of cracking of a solid electrolyte 
member and also of the breakage of the device when placed in an environment 

20 where the device is repeatedly cooled and heated and/or in a moisture- 
containing gas atmosphere. 

It is another object of the invention to provide a laminated oxygen sensor 
device wherein a solid electrolyte member and an alumina substrate are so 
controlled as to have a difference in coefficient of thermal expansion between 

25 the member and the substrate in a defined range. 
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The above objects can be achieved, according to the invention, by a ' 
laminated oxygen sensor device which comprises a solid electrolyte member 
and an alumina substrate directly and integrally combined with the electrolyte 
member, wherein the solid electrolyte member consists essentially of partially 
5 stabilized zirconia which has a mixed phase structure comprising, at least, a 
cubic phase (C phase), a monoclinic phase (M phase) and a tetragonal phase (T 
phase), a difference in coefficient of thermal expansion between the alumina 
substrate and the partially stabilized zirconia is in the range of from 0 to 0.2%, 
and a difference in X-ray diffraction intensity ratio between the crystal face of 

10 the C phase at the Miller indices, 1(111), and the crystal face of the M phase at 
the Miller indices, I(llT) prior to and after heating of the solid electrolyte 
member at 200°C to 300°C for 1000 hours as expressed by (diffraction intensity 
ratio prior to the heating) - (diffraction intensity after the heating) is within a 
range of -0.05 to +0.10. 

15 Preferably, the ratio in X-ray diffraction intensity between the crystal face 

of the C phase at the Miller indices, 1(111), and the crystal face of the M phase 
at the Miller indices, I( 111) in the partially stabilized zirconia should 
preferably be within a range of 0.05<I ( 111 )/I(lll)<0.4 irrespective of the 
heating. 

20 The difference in coefficient of thermal expansion denned above means a 

difference in coefficient of thermal expansion of the partially stabilized zirconia 
relative to the coefficient of thermal expansion of the alumina. When the 
difference is greater than 0.2%, there remains the possibility that a great 
thermal stress is imposed on the alumina and the solid electrolyte, with the' 

25 device being broken. 



The variation in the diffraction intensity ratio on heating of the solid 
electrolyte is less than -0.05 and greater than +0.10 is disadvantageous as 
discussed below. A laminated oxygen sensor device whose difference in the 
coefficient of thermal expansion between the alumina and the solid electrolyte 
has been controlled within a range of 0.2% or below without suffering any 
cracking in the solid electrolyte at the time of the fabrication of the laminated 
oxygen sensor device undergoes the T to M phase transformation in the solid 
electrolyte on subsequent heating. This transformation brings about a 
variation in coefficient of thermal expansion as having set out hereinbefore, 
resulting in a difference in coefficient of thermal expansion of 0.2% or over. In 
practical applications, such a device is very likely to be cracked owing to the 
thermal stress imposed thereto when undergoing the cooling and heating 
cycles wherein the device is cooled down to room temperature and heated to 
800°C. 

Moreover, when the ratio in the diffraction ratio between the defined 
crystal faces of the C phase and the M phase is less than 0.05, it may be 
difficult to control a difference in coefficient of thermal expansion between the 
alumina substrate and the solid electrolyte member within a range of 0.2%. 
This may leads to the solid electro lyte being cracked at the time of the 
fabrication of the laminated oxygen sensor device. This is true of the case 
where the ratio exceeds 0.4. 

In the practice of the invention, the solid electrolyte used may be partially 
stabilized zirconia which has a mixed phase structure comprising, at least, the 
cubic phase (C phase) and the monoclinic phase. 



Preferably, the alumina substrate has a reference gas passage in which a 
gas to be measured is passed. Likewise, the alumina substrate is preferably 
provided with a heating unit at a side opposite to the gas passage as will be 
described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic perspective exploded view of a laminated oxygen 
sensor device according to one embodiment of the invention; 

Fig. 2 is a schematic sectional view of the oxygen sensor shown in Fig. 1; 
Fig. 3 is a schematic perspective exploded view of a laminated oxygen 
sensor device according to another embodiment of the invention; 

Fig. 4 is a schematic sectional view of the oxygen sensor shown in Fig. 3; 
Fig. 5 is a schematic perspective exploded view of a laminated oxygen 
sensor device having a heating unit therein according to a further embodiment 
of the invention; 

Fig. 6 is a schematic sectional view of the oxygen sensor shown in Fig. 5; 

Fig. 7 is a perspective exploded view of a laminated oxygen sensor device 
having a heating unit therein according to a still further embodiment of the 
invention; and 

Fig. 8 is a schematic sectional view of the oxygen sensor shown in Fig. 7. 
PREFERRED EMBODIMENTS OF THE INVENTION 

Reference is now made to the accompanying drawings and particularly, to 
Figs. 1 and 2. In the drawings, like reference numeral indicate like parts or 
members unless otherwise indicated. 

Figs. 1 and 2 show a first embodiment of the invention. In the figures, a 
laminated oxygen sensor device 1 includes a solid electrolyte member made of a 



t solid electrolyte sheet 11 and a U-shaped solid electrolyte sheet 13, and an 
alumina substrate 16 integrally combined in this order. The solid electrolyte 
sheet 11 and the U-shaped solid electrolyte sheet 13 are each made of partially 
stabilized zirconia having a mixed phase structure including a cubic phase (C 
phase), a monoclinic phase (M phase) and a tetragonal phase (T phase). 

The difference in coefficient of thermal expansion of the alumina 
substrate and the partially stabilized zirconia should be in the range of 0.2% or 
below. 

The ratio between the X-ray diffraction intensity, XM, at the crystal face 
( llT ) and the X-ray diffraction intensity, XC, at the crystal face (111) of the C 
phase, i.e. XM/XC, should be in the range of 0.05<XM/XC<0.4. 

In the laminated oxygen sensor device 1, the solid electrolyte sheet 11 has 
on an outer surface thereof an electrode 12 for a gas to be measured, and an 
electrode 15 for a reference gas on the opposite side of the sheet 11. The 
electrode 12 has a leas 18 and a lead 181 serving as an output terminal for the 
sensor device 1. Likewise, the reference gas electrode 15 has leads 19 and 191 
extended therefrom as shown in Figs. 1 and 2. 

The U-shaped hollow portion established by the U-shaped solid electrolyte 
13 sandwiched between the solid electrolyte sheet 11 and the alumina 
substrate 16 is opened at one end and serves as a reference gas passage 17. 

In operation, the gas passage 17 is connected to air and is fed with a 
reference gas such as air. By this, the reference gas is in contact with the 
reference gas electrode 15. On the other hand, the measuring electrode 12 is 
brought into contact with a gas to be measured, i.e. an exhaust gas when the 
sensor device is employed as an air-to-fuel gas sensor. Based on the difference 
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in oxygen concentration between the two gases, electromotive potentials ' 
generated in the electrode 12 and 15 are, respectively, outputted to and 
measured such as a potentiometer (not shown) in a manner similar to known 
oxygen sensors. 

5 The fabrication of the laminated oxygen sensor device 1 is described. 

First, zirconia (Zr02) and yttria (Y2O3) are divided into particles having 
an average size of from 0.1 to 2.0 pxa. 

For instance, 93.0 mole% of the zirconia particles and 7.0 mole% of the 
yttria particles are powdered and mixed in a pot mill for a given time of from 20 
10 to 30 hours. 

The resultant mixture is further mixed with a mixed solvent of ethanol 
and toluene and also with a binder resin such as polyvinyl butyral and a 
plasticizer such as dibutyl phthalate, thereby providing a slurry. 

The slurry is formed into a sheet by any known procedure such as a doctor 
15 blade method to obtain a green zirconia sheet having a thickness, for example, 
of 0.2 mm. Two green zirconia sheets in total are made, one being a flat sheet .. 
and the other being shaped in a U shape as shown in Fig. 1. 

Separately, alumina particles having an average size of from 0.1 to 1.0 [xm, 
e.g. 0.3 |xm, are provided and shaped in the form of a sheet according to an 
20 injection molding technique, thereby obtaining a green alumina body. 

The green sheets obtained in this maimer are laminated or put one on 
another in a manner as shown in Fig. 1. 

The resultant laminated body is sintered at 1300 to 1600°C for about 2 
hours to obtain an integrally combined, laminated oxygen sensor. The 
25 electrodes and the leads may be formed by any known procedures including a 



% procedure wherein an electrode composition and a lead composition is screen 
printed on the green body of the solid electrolyte prior to the lamination of the 
solid electrolyte member and the alumina substrate. 

When the partially stabilized zirconia made, for example, of 93.0 mole% of 
zirconia and 7.0 mole% of yttria is used, the difference in coefficient of thermal 
expansion between the alumina substrate and the partially stabilized zirconia 
is 0.18%. In case where the solid electrolyte is heated to 200 °C, the ratio in 
diffraction intensity is not varied. 

Accordingly, the thermal stress exerted on the partially stabilized zirconia 
and the alumina whose coefficient of thermal expansion is about 8 x 10~*V°C i s 
mitigated, so that the device is very unlikely to break. 

The partially stabilized zirconia has such a mixed phase structure as 
defined hereinbefore, and is unlikely to suffer cracking in an environment 
where the temperature change is very great such as in cooling and heating 
cycles or in an atmosphere containing water vapor. 

In order to prepare such partially stabilized zirconia, 93 to 97 mole% of 
zirconia is used in combination with correspondingly T to 3 mole% of yttria and 
is mixed and sintered under conditions of a temperature ranging from 1300 to 
1600°C. In addition, up to 5 wt% of alumina may also be added to the above 
combination. In the practice of the invention, it is preferred that the partially 
stabilized zirconia should have a mixed phase structure comprising, at least, 
the C and M phases. To this end, the zirconia and yttria are, respectively, used 
in amounts of from 93 to 97 mole% and correspondingly 7 to 3 mole% as set out 
above. 
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Another embodiment of the invention is shown in Figs. 3 and 4 wherein 
the reference gas passage 17 is formed by making a recess R in an alumina 
substrate 161. The other arrangement is similar to that illustrated in Figs. 1 
and 2. 

5 Since the recess R for the reference gas passage 17 is formed in the 

alumina substrate 161, the number of members to be laminated can be reduced 
on comparison with the embodiment of Figs. 1 and 2. This is advantageous in 
that the working properties are improved along with the sealing properties and 
that since alumina is used in a greater proportion in the sensor device, the 
10 sensor device is improved in strength. 

A further embodiment of the invention is described with reference to Figs. 
5 and 6 wherein the oxygen sensor has a built-in heater. 

In the figures, there is generally shown a laminated oxygen sensor device 
3 which has a similar arrangement as of the device of Figs. 1 and 2, but has a 
15 heating unit 2 at a back side of the alumina substrate 16. 

The heating unit 2 includes a substrate 22 and a heater 25. The heater 25 
has leads 26, 27 connected to a power supply (not shown). 

A still further embodiment of the invention is described with reference to 
Figs. 7 and 8 which has a similar arrangement as of the device Figs. 3 and 4, 
20 but has a heating unit 2 at a back side of the alumina substrate 161 of Figs. 3 
and 4. More particularly, a laminated oxygen sensor device 30 has a heating 
unit 2 which includes a substrate 22 and a heater 25 having leads 26, 27 as in 
the figures 5 and 6. 

Since the heating unit 2 is provided, the sensor devices 3, 30 of Figs. 5 to 8 
25 are operable under low ambient temperature conditions by heating the sensor 
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device with the heating unit 2. This permits the sensor devices 3, 30 to be 
worked over a greater temperature range. 

The invention is more particularly described by way of example. 

Example 

In this example, breakage of devices using different types of partially 
stabilized zirconia materials in cooling and heating cycles was tested. 

Various types of partially stabilized zirconia materials were prepared in 
the same manner as having set out in the first embodiment wherein green 
zirconia sheets having different molar ratios of zirconia and yttria indicated in 
Tables 1 and 2 were formed and baked. 

More particularly, the respective partially stabilized zirconia samples 
were prepared in the following maimer. 

Eight green zirconia sheets for each zirconia sample were provided and 
laminated according to hot pressing and sintered under different temperature 
conditions. Subsequently, each sheet sample was cut into pieces having a size 
of 1.3 x 5.0 x 20 mm for use as a test piece. 

On the other hand, alumina test pieces which were used for comparison 
with the zirconia test pieces were prepared in the following manner. 

Alumina was divided into pieces and mixed in a pot mill for a time of ( ) 
hours. The resultant powder was mixed with a mixed solvent of ethanol and 
toluene, a polyvinyl butyral binder and a dibutyl phthalate plasticizer to obtain 
a slurry. 

The slurry was used to form a sheet according to a doctor blade method to 
obtain green alumina sheets, and sintered at temperatures which, respectively, 
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corresponded to those temperatures for the partially stabilized zirconia 'sheets 
for comparison. 

The zirconia test sheets and the alumina test sheets were subjected to 
measurement of a coefficient of thermal expansion within a temperature range 
5 of from room temperature to 1000°C by use of a thermal expansion measuring 
device. 

The difference in the coefficient between each zirconia test sheet and a 
corresponding alumina test sheet is shown at column (d) in Tables 1 and 2. 
The zirconia and alumina sheets were used to make a laminated oxygen 
10 sensor device of the type shown in Figs. 7 and 8. The respective sensor devices 
were each subjected to a cooling and heating cycle test. 

In the cycle test, the heating unit was applied with a controlled electric 
current so that the temperature of the alumina substrate portion 
corresponding to a position where the heating unit was provided reached 
15 1000°C 30 seconds after the application of the electric current from a power 
supply. 30 seconds after commencement of the current appli cation, the power 
supply was turned off. The sensor device was then allowed to stand for 150 
seconds and thus to cool. This procedure was taken as one heating and cooling 
cycle. The sensor devices was subjected to 20 heating and cooling cycles in 
20 total. 

After completion of the heating and cooling cycles, the device was checked 
with respect to its color to determine whether or not it was broken, or whether 
or not the zirconia member was cracked. The results are shown in (e) of Tables 
1 and 2. 
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After completion of the heating and cooling cycle test, the solid electrolyte 
sheet was removed from each sensor device. Thereafter, the partially 
stabilized zirconia portion of the solid electrolyte sheet was broken into pieces. 
The resultant powder was subjected to measurement of a power X-ray 
5 diffraction intensity to determine a ratio in diffraction intensity between the C 
and M phases at the specific crystal faces according to the equation indicated 
hereinbefore. This value is shown at (c) of Tables 1 and 2. 

Moreover, each zirconia test sample and a corresponding alumina sample 
was used to make a laminated oxygen sensor device according to the procedure 
10 particularly described in the first embodiment with reference Figs. 1 and 2. 
The respective sensor devices were thermally treated under conditions of a 
temperature of 200°C and 1000 hours. 

The thus treated devices were subjected to color check to check the 
breakage of the device and the occurrence of cracks in the device. The results 
15 are shown at column (h) in Tables 1 and 2. 

In addition, the powder of the partially stabilized zirconia obtained from 
each device was used to measure a ratio in diffraction intensity after 
completion of the cooling and heating cycles. The results of the ratio are shown 
in column (f) in tables 1 and 2. The difference in between the ratios (c) and (f) is 
20 shown at (g) in the tables. 
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Table 1 



Sample 
No. 


(a) 


(b) 


(0 


(d) 


(e) 


(f) 


(g) 


(f) 




mole% 
of ZrC>2 


mole% 
ofY203 


Ratio in 
diffract- 
ion 
inten- 
sity (1) 


Differ- 
ence in 
thermal 
expan- 
sion 


Crack 

or 
break- 
age of 
device 


Ratio in 
diffrac- 

ion 
inten- 
sity (2) 


Differ- 
ence in 
the ratio 
((1) - (2)) 


Crack 

or 
break- 

ag-e of 
device 




93.0 


7.0 


0.00 


0.25 


yes 


0.00 


— 




1 




— yes- 


2 


93.0 


7.0 


0.01 


0.25 


yes 


0.01 


-0.00- 


yes. 


3 


93.0 


7.0 


0.05 


0.18 


no 


0.05 


0.00 


no 


4 


94.0 


6.0 


0.05 


0.10 


no 


0.07 


0.05 


no 


\j 


94.0 


6.0 


0.02 


0.13 


no 


0.13 


_oai_ 


yes- 


6 


94.0 


6.0 


0.12 


0.08 


no 


0.18 


0.04 


no 


7 


95.0 


5.0 


0.04 


0.12 


no 


0.10 


0.06_ 


___y.es*-. 


8 


95.0 


5.0 


0.10 


0.10 


no 


0.08 


0.02 


no 


9 


95.0 


5.0 


0.20 


0.07 


no 


0.12 


0.08 


no 


10 


95.0 


5.0 


0.30 


0.18 


no 


0.25, 


-0.05 


no 




95.0 


5.0 


0.25 


0.25 


yes 


0.25 


-OtSO— 




11 




yes — 


12 


95.5 


4.5 


0.12 


0.20 


no 


0.21 


0.09 


no 
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Table 2 



1 Sample 
No. 


(a) 


(b) 


(0 


(d) 


(e) 


(f) 


(8) 


to 




mole% 
of ZK>2 


mole% 
ofY203 


Ratio in 
diffract- 
ion 
inten- 
sity (1) 


Differ- 
ence in 
thermal 
expan- 
sion 


Crack 

or 
break- 
age of 
device 


Ratio in 
difrrac- 

ion 
inten- 
sity (2) 


Differ- 
ence in 
the ratio 
(U)-(2)) 


Crack 

or 
break- 
age of 
device 


13 
14 


95.5 
95.5 


4.5 
4.5 


0.34 
0.04 


0.10 
0.15 


no 
no 


0.06 
0.13 


J) 28 


yes 


0 09 _. 


yes 


15 


95.5 


4.5 


0.02 


0.06 


no 


0.18 


0.16... 


- -yes 


16 
17 


96.0 
96.0 


4.0 
4.0 


0.05 


0.12 


no 


0.20 


_QJJ> 


yes- 


0.10 


0.10 


no 


0.20 


0.10 


no 


18 


96.0 


4.0 


0.15 


0.09 


no 


0.22 


0.07 


no 


19 


96.0 


4.0 


0.25 


rt iff 

U. Xo 


no 




n no 


no 


20 


96.0 


4.0 


0.40 


0.21 


yes 


0.30 


-0,-10— 


yes — 


21 


96.0 


4.0 


0.40 


0.19 


no 


0.36 


- -0.04— 


— yes- 


22 


96.0 


4.0 


0.70 


0.23 


yes 


0.30 


0.40 


yes 


23 


96.0 


4.0 


0.20 


0.24 


yes 


0.30 


0.10 


- — yes — 


24 


97.0 


3.0 


0.25 


0.24 


yes 


0.40 


0.15 


yes 



As will be apparent from the results of Tables 1 and 2, when the difference 
in coefficient of thermal expansion is in the range of 0.0 to 0.2 and when the 
ratio in diffraction intensity is in the range of 0.05 to 0.4, no breakage or crack 
5 is found in the devices which has been subjected to the heating and cooling 
cycle test. 

Moreover, the difference in the diffraction intensity ratio prior to and after 
the thermal treatment is within a range of -0.05 to +0.10, no breakage or crack 
is found in the heating and cooling cycle test. 



10 
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WHAT IS CLAIMED IS: 



1. A laminated oxygen sensor device which comprises a solid electrolyte 
member and an alumina substrate directly and integrally combined with the 

5 electrolyte member, wherein the solid electrolyte member consists essentially 
of partially stabilized zirconia which has a mixed phase structure comprising, 
at least, a cubic phase (C phase), a monoclinic phase (M phase) and a tetragonal 
phase (T phase), a difference in coefficient of thermal expansion between the 
alumina substrate and the partially stabilized zirconia is in the range of from 0 

10 to 0.2%, and a difference in X-ray diffraction intensity ratio between the crystal 
face of the C phase at the Miller indices, 1(111), and the crystal face of the M 
phase at the Miller indices, I( 111 ) prior to and after heating of the solid 
electrolyte member at 200°C to 300°C for 1000 hours as expressed by 
(diffraction intensity ratio prior to the heating) - (diffraction intensity after the 

15 heating) is within a range of -0.05 to +0.10. 

2. A laminated oxygen sensor device according to Claim 1, wherein a ratio 
in the X-ray diffraction intensity between the C phase and the M phase is 
within a range of 0.05<I ( 111 )/I(lll)<0.4. 

20 

3. A laminated oxygen sensor device according to Claim 1, wherein said 
solid electrolyte consists essentially of partially stabilized zirconia having a 
mixed phase structure comprising, at least a cubic phase and a monoclinic 
phase. 



25 
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4. A laminated oxygen sensor device according to Claim 1, wherein said 
device has a reference gas passage established between said solid electrolyte 
member and said alumina substrate, said gas passage being open at one end 
thereof. 

5. A laminated oxygen sensor device according to Claim 4, further 
comprising a pair of electrodes, one of the electrodes being disposed on an outer 
side of said solid electrolyte member, the other being disposed as exposed to said 
gas passage. 

6. A laminated oxygen sensor device according to Claim 1, wherein said 
alumina substrate has a heating unit in contact therewith. 
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TITLE OF THE INVENTION 
A LAMINATED OXYGEN SENSOR DEVICE COMPRISING A SOLID 
ELECTROLYTE MEMBER MADE OF PARTIALLY STABILIZED ZIRCONIA 

5 ABSTRACT OF THE DISCLOSURE 

A laminated oxygen sensor device comprises a solid electrolyte member 
and an alumina substrate directly and integrally combined with the electrolyte 
member. The solid electrolyte member consists essentially of partially 
stabilized zirconia which has a mixed phase structure comprising, at least, a 

10 cubic phase (C phase), a monoclinic phase (M phase) and a tetragonal phase (T 
phase). A difference in coefficient of thermal expansion between the alumina 
substrate and the partially stabilized zirconia is in the range of from 0 to 0.2%, 
and a difference in X-ray diffraction intensity ratio between the crystal face of 
the C phase at the Miller indices, 1(111), and the crystal face of the M phase at 

15 the Miller indices, I (111) prior to and after heating of the solid electrolyte . 

member at 200°C to 300°C for 1000 hours as expressed by (diffraction intensity 
ratio prior to the heating) - (diffraction intensity after the heating) is within a 
range of -0.05 to +0.10. . 
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FIG. 7 
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